A new microaerophilic, spirally curved, rod-shaped bacterium was isolated from the gastric mucosa of a pigtailed macaque (Macaca nemestrina). The gram-negative cells of this bacterium are oxidase, catalase, and urease positive and strongly resemble Helicobacter pylon' (Campylobacter pylon) cells. Like H. pylon', this organism does not metabolize glucose, does not reduce nitrate or produce indole, does not produce H,S from triple sugar iron agar, does not hydrolyze hippurate or esculin, and does not grow in the presence of 1% glycine, 1.5% salt, or 1% bile. Also like H. pylon', it is resistant to nalidixic acid and susceptible to cephalothin. However, unlike H. pylori, the colorless colonies are flat and have irregular edges. This organism has a unique cellular fatty acid composition, forming a new gas-liquid chromatography group, group K, and a distinctive DNA content (24 mol% guanine plus cytosine). It exhibits less than 10% DNA-DNA homology (as determined by the nylon filter blot method at 65°C) with other members of the genus Helicobacter. Although the levels of DNA relatedness between previously described Helicobacter species and the new organism are low (less than 10%) and the difference in guanine-plus-cytosine content is large (24 versus 36 to 41 mol%), the genus Helicobacter is the only genus in which it is logical to include the organism at this time. We propose that our single strain represents a new species, Helicobacter nemestn'nae, and we designate strain T81213-NTB (= ATCC 49396) as the type strain.
Gastric spiral organisms belonging to the genus Campylobacter have been described in human and nonhuman primates (4, 5 , 16, 23, 24, 28, 31, 37) and in ferrets (8, 10, 11) . In humans these organisms have been known as Campylobacter pylori, but RNA sequencing studies have shown clearly that they do not belong to the genus Campylobacter (19, 29, 32, 35) . Thompson et al. (35) suggested that C. pylori is closely related to Wolinella succinogenes. However, Goodwin et al. described sufficient phenotypic differences between these organisms to support transfer of C. pylori to a separate genus, and so C. pylori was renamed Helicobacter pylori and the ferret organism Campylobacter mustelae was renamed Helicobacter mustelae (13) . These gram-negative bacilli colonize the mucus layer on the gastric epithelium. H. pylori has been associated with subclinical chronic gastritis in monkeys and with chronic nonautoimmune type B gastritis and possibly peptic ulcers in humans (1, 4, 6, 7, 14, 17, 24, 27, 30, 37) .
A distinct Helicobacter species was removed from the gastric mucosa of a Macaca nemestrina male. The distinguishing features of this organism include the ability to grow at 42"C, a unique cellular fatty acid composition, and a distinctive DNA guanine-plus-cytosine (G + C) content (24 mol%), as well as less than 10% homology with H. pylori or H. mustelae (12, 16) . Colonization of the gastric mucosa by this organism was not associated with morbidity, mortality, or pathology in the monkey. We describe this new organism and propose that it be named Helicobacter nemestrinae sp. nov. 
*

MATERIALS AND METHODS
Bacterial strain. A single isolate was recovered from a gastric biopsy taken from a 6-year-old healthy M . nemestrina male during gastroendoscopy . The isolation method used was the method used for isolation of H . pylori from macaques (4).
DNA base composition. DNA base composition was determined by a modified thermal denaturation method. DNA was extracted by the Marmur method (22) , modified by protease treatments after cell lysis by sodium dodecyl sulfate and again after RNase treatment (2). G+C values were calculated by using the temperature of inflection method of Sly et al. (33) .
DNA hybridization. DNA hybridization was studied by using the nylon filter blot method, as described previously (9, 13). Briefly, DNA from cells grown on plates was extracted and purified by using the method of Majewski and Goodwin (21) . Samples were denatured by boiling and blotted in triplicate onto positively charged nylon membranes (Biotrace; Gelman Sciences, Inc., Ann Arbor, Mich.), and the membranes were baked at 80°C for 1 to 2 h to immobilize the DNA. Portions (50 ng) of probe DNA were labeled with [CY-~~PICTP by random priming. The nylon membranes were sealed in plastic bags, and prehybridization and hybridization were carried out at 65°C in a shaking water bath. The membranes were air dried, autoradiographed, and cut into 1-cm2 pieces, each of which contained one DNA blot. Each blot was dissolved in 1 ml of concentrated formic acid in a glass vial. A 9-ml portion of scintillation fluid (Instagel; Packard Instrument Co., Inc., Downer's Grove, Ill.) was added to each vial, and radioactivity was assayed with a model 1219 liquid scintillation counter (LKB Instruments, Inc., Uppsala, Sweden).
Electron microscopy. Bacterial cells were grown for 3 days on brucella base agar (BBL Microbiology Systems, Cock- eysville, Md.) supplemented with 5% sheep blood, harvested, suspended in peptone water, and applied to grids. After drying, the cells were stained with phosphotungstic acid and examined by transmission electron microscopy for morphologic characteristics of cells and flagella. Cellular fatty acid analysis. Cellular fatty acid methyl esters were analyzed by gas-liquid chromatography (GLC) on a polar capillary column (16) .
Phenotypic tests. Morphologic evaluations and biochemical tests were performed as described previously for H. pylon (4), except as noted below. All agar media were freshly prepared in our laboratory and were used without drying within 4 days to ensure adequate moisture content. A humid atmosphere was provided during incubation, as described previously (4). In Seattle, Wash., we used CampyPak (BBL) to produce microaerobic conditions, with 6% 0, and 10% CO,. In Perth, Australia, microaerobic conditions were achieved by evacuating 75% of the air and replacing it with a gas mixture to produce an atmosphere containing 5% 0,, 7% CO,, 7% H,, and 81% N, (15) . A standard laboratory CO, incubator (10% CO, in air) with high humidity was also used.
Anaerobic growth was tested in a jar that was evacuated and filled three times with a gas mixture containing 10% CO,, 10% H,, and 80% N, or in a GasPak jar (BBL). Growth was also evaluated on Trypticase soy blood agar (BBL) containing 5% sheep blood. Growth in the presence of bile was tested on brain heart infusion agar containing 7% horse blood, 1% IsoVitaleX (BBL), 0.25% yeast extract, and 1% (final concentration) bile. Esculin hydrolysis was determined by a standard method with 10% sterile horse serum added to the medium (36). Growth in peptone water or brain heart infusion broth, each enriched with 10% horse serum, was attempted in culture tubes without shaking. Cell morphology was observed after 4 days of growth on chocolate agar or on Trypticase soy blood agar. Glucose fermentation was tested by the oxidation-fermentation method of Hugh and Leifson (36). H,S production was tested on fresh triple sugar iron (TSI) agar slants. Antibiotic susceptibility was determined by performing disk diffusion tests on brucella blood agar, using standard-strength antibiotic disks.
RESULTS AND DISCUSSION
The single isolate of H. nemestrinae sp. nov. was designated strain T81213-NTBT (= ATCC 49396T) (T = type strain) and was recovered from a gastric mucosal biopsy from a monkey. Like other members of the genus Helicobacter, this helical or spirally curved gram-negative rodshaped bacterium rapidly hydrolyzes urea, produces catalase and cytochrome oxidase, prefers moist agar and a humid microaerobic atmosphere, is motile by means of flagella, and does not hydrolyze hippurate or produce H2S on TSI agar. H . nemestrinae has a distinctive genotype which supports designation of the organism as a new species (Table 1) . Hybridization under stringent conditions at 65°C with 32P-labeled DNA revealed less than 10% homology between H . pylori and H . nemestrinae and less than 1% homology between H . mustelae and H . nemestrinae. The DNA base composition of H . nemestrinue is 24 mol% G+C. This composition differs significantly from the composition of the H . pylori type strain (36 to 38 mol% G+C), from the compositions of previously described Helicobacter isolates from macaques (4) (44 mol% G+C), and from the compositions of H. mustelae strains (36 to 41 mol% G+C). Although H . nemestrinae has a much lower G+C content than other members of the genus, this is the only feature other than fatty acid composition that suggests that the organism might not belong in the genus Helicobacter. We agree with Stackebrandt (34) and with Paster and Dewhirst (29), who have argued that differences in DNA G+C contents should not be a primary consideration for excluding species from the same genus, and we concluded that the genus Helicobacter is the only genus in which it is logical to include strain T81213-NTBT at this time.
H . nemestrinae differs phenotypically from the other species in the genus Helicobacter ( Table 2 ). The colonies of this organism are smaller than those of either of the other two species. H . nemestrinae also has a unique cellular fatty acid profile and has been proposed as the prototypic organism of a new GLC group, group K (16). Unlike other helicobacters, H . nemestrinae contains no 3-hydroxy-hexadecanoic fatty acid (3-OH C16:o) or 19-carbon cyclopropane fatty acid (C19:o cyc), but it does contain small amounts of 3-hydroxytetradecanoic acid (3-OH C14:o), which is not found in other helicobacters. In addition, it produces unusually large amounts of 18-carbon octadecanoic acid (ClsZl) (16) . Cellular fatty acids have recognized taxonomic importance (18, 20) , and our fatty acid data correlate with DNA data which support separate species for H . nemestrinae.
Description of Helicobucter nemestrinae sp. nov. Helicobacter nemestrinae (ne.rnes.tri'nae. N.L. gen. n. nemestrinae, of the macaque species M . nemestrina, from which the organism was isolated). The type strain is a gram-negative, helically curved, rod-shaped bacterium (0.2 to 0.3 by 2.0 to 5.0 pm) with smooth walls and rounded ends. Exhibits bizarre pleomorphic forms in in vitro culture (Fig. 1) . Motile by means of multiple sheathed polar flagella with terminal bulbs (Fig. 2) . Does not swarm. Coccoid bodies form in aging cultures. Does not have a capsule or form spores. Growth on moist enriched blood or chocolate agar produces small, colorless, translucent colonies that are 0.5 to 1.0 mm in diameter and have irregular edges in 3 to 5 days. Growth occurs at 35 and 42°C but not at 25°C in a humid microaerobic atmosphere. Optimal growth occurs at 35°C in a humid atmosphere containing a reduced O2 concentration (6%) and 6 to 10% CO,. Weak growth occurs in humid air enriched with 10% CO, and anaerobically at 35°C. No growth occurs in air. Grows poorly or not at all in liquids. Produces oxidase, catalase, and urease but not DNase. Does not metabolize glucose. Does not reduce nitrate or hydrolyze hippurate or esculin. Hydrogen sulfide is not produced on fresh TSI agar. Does not grow in the presence of 1% glycine, 1.5% NaCl, or 1% bile. Member of cellular fatty acid GLC group K. Isolated from the gastric mucosa of a monkey ( M . nemestrina). Not associated with clinical disease or pathology of the host. The G+C content is 24 mol%. Susceptible in vitro to penicillin, ampicillin, erythromycin, gentamicin, cephalothin, cefoperazone, tetracycline, polymyxin, furoxone, rifampin, metronidazole, and chloromycetin. Resistant in vitro to nalidixic acid, trimethoprim, sulfamethoxazole, and vancomycin.
When it was first isolated, H . nemestrinae grew poorly in a standard laboratory CO, incubator, but after many months of repeated subculturing it did grow weakly under these conditions. It grows less luxuriantly under the anaerobic conditions described above. The single isolate does not grow in enriched peptone water or enriched brain heart infusion broth. Individual cells appear to be morphologically similar to the cells of other Helicobacter species. When grown on chocolate agar, the cells are longer and less curved, often folding unevenly (Fig. l a and b) . When grown on blood agar, the cells curl into multiple bizarre forms, as well as spirals, and stain more intensely with safranin ( Fig. l c and d) . The type strain is strain T81213-NTB (= ATCC 49396), which was isolated from a captive-born monkey at the Regional Primate Research Center, University of Washington, Seattle.
Amended description of Helicobucter Goodwin et al. The description of the genus Helicobacter is as previously given by Goodwin et al. (13) except for the following features: colonies are 0.5 to 2.0 mm in diameter, and the G+C content ranges from 20 to 44 mol% (as determined by the thermal denaturation method).
H . nemestrinae can be identified with certainty in laboratories only by using the cellular fatty acid GLC profile or by using specific nucleic acid probes.
H . nemestrinae resembles members of the genus Campylobacter morphologically, but differs from them biochemically, especially from the urease-positive Campylobacter species (Table 3 ) . It is distinguished from the urease-positive variant of Campylobacter laridis by its failure to reduce nitrates, its susceptibility to cephalothin in vitro, and its failure to grow in the presence of 1.5% NaCl or to produce H,S in fresh TSI agar (26). It is distinguished from the urease-positive nitrogen-fixing strains of Campylobacter nitroj?gilis by its lack of association with plant roots, its intolerance of NaCl at any concentration, its resistance to nalidixic acid, its failure to produce pigment, and its ability to grow at 42°C (25) .
